The aroma/flavor of fish is an important criterion for consumers' preference. The state of freshness or the quality of fish and prawn can apparently be determined by the consumer on the basis of its flavor. The desirable aroma and flavor of fish or any food influences consumers' choice. The components contributing to the flavor of fish have been the subject of many investigations for a long period of time. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] However, species-wide data for volatile flavor components of fish are not available, despite the long traditional history of eating fish in many nations of the world. The purpose of the present study was to examine the volatile flavor components of fish and prawn species of Japan.
Among the large numbers of fish species of Japan, the six widely eaten species and two species of prawn were bought from a fish shop in Nara City. Experimental material (fish muscle, skin or prawn muscle; 5 g) was weighed in a 20 mL vial (Perkin Elmer, Shelton, CT, USA) and sealed with a Teflonlined rubber septum to make the vial airtight. This vial containing the fish sample was heated at 70∞C for 30 min to allow the fish volatiles to evaporate from the fish sample. The needle of the solid-phase micro-extraction (SPME) fiber holder (Spelco, Bellefonte, PA, USA) was pierced through the septum and the fish volatiles were absorbed to SPME-fused silica fiber for 5 min. We selected Carboxen-polydimethylsiloxane fiber (Spelco) for SPME analysis, as this fiber is commonly used for flavor analysis. Absorption for 5 min was sufficient for analysis in this experiment. The fused silica fiber of the needle of SPME was then retracted and the needle was taken out of the vial. Before the absorption of each sample's volatiles the needle of the SPME fiber holder was conditioned by thermal desorption in a gas chromatography (GC) column through the injection port of the gas chromatography-mass spectrometer (GC-MS). Such blank analysis was done to ensure that the fiber did not contain any volatile component before the absorption of the fish sample volatile. The headspace volatiles extracted into the fused silica fiber of the SPME needle were injected and thermally desorbed for 5 min to the capillary column (J & W DB-624; (60 m ¥ 0.32 mm ID, 1.80 mm film thickness; Agilent, Palo Alto, CA, USA) through the injection port of the GC-MS (Shimadzu GC-17A gas chromatograph with Shimadzu QP-5050A mass spectrometer; Shimadzu, Kyoto, Japan). The desorbed components were subjected to GC-MS analysis. The column temperature was raised from 40∞C to 200∞C at the rate of 2∞C/min. The injector temperature was 280∞C. The mass spectrum of each peak from the GC was analyzed by mass spectrometry and the components were identified by computer matching of mass spectra of the components with those of the data stored in the mass spectral database (NIST). Then, the identification was confirmed by the mass spectrum and retention time of the authentic standard components.
The components of the headspace volatiles of fish muscle, fish skin and prawn identified in this laboratory study by GC-MS are listed in Table 1 . The number of volatile flavor components in the Peaks were identified by both authentic standard and mass spectrum library. Prawn, Penaeus orientalis; Pink Shrimp, Pandalus hypsinotus; M, muscle; S, skin.
-, no peak.
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fish skin was found to be higher than that of the fish muscle except for chum salmon. In spite of such differences in number, there was a similarity of most of the volatile flavor components present in fish muscle and fish skin. The oily fish species contained more volatile flavor components than those of lean fish, although the quantities of some components (e.g. 1-pentene, 3-hexenal, decanal in pacific mackerel) were too small to be found. The muscle of prawn contains comparatively fewer volatile flavor components than fish, except red sea bream and tuna. It appeared that the intensity of fishy flavor is related to the number of volatile flavor components present in fish. Thus, pacific mackerel and Japanese sardine contained the highest number of flavor components (Table 1) and contained a strong fishy flavor. In contrast, red sea bream, chum salmon, horse mackerel, tuna and prawn contained fewer volatile flavor components (Table 1 ) and contained less fishy flavor compared to the other two species. The skin of each fish species possessed a more fishy flavor than the fish muscle as perceived by smell. This was examined by GC-MS analysis. Results showed that the number of volatile flavor components was higher in the fish skin than in the fish muscle (except chum salmon). Two reasons may lay behind this fact. One is that the fish muscle was less susceptible to oxidation as it is covered by fish skin. So, the degree of lipid hydrolysis was lower compared to the lipid hydrolysis of fish skin. The possibility of lipid hydrolysis in fish skin was comparatively higher due to oxidation as well as enzymic hydrolysis. This resulted in the formation of a few more volatile components in the fish skin. Another reason behind this finding is that such volatile flavor components in fish skin may be derived from the environment (sea). Lindsay 11 has reviewed the origin of the formation of such volatile flavor components in fish.
On the basis of the results obtained in these experiments it can be concluded that fish contains more volatile flavor components than prawn/ shrimp, oily fish contains more volatile components than lean fish and the skin contains more volatile flavor components than the muscle of fish. These results may be due to the effect of lipoxygenase, which is contained in fish skin. A study on the effect of lipoxygenase in the formation of fish flavor is now in progress.
